H uman adenoviruses are responsible for 7%-8% of all pediatric respiratory illness 1 and can cause prolonged fever, elevated inflammatory markers, 2 and clinical features that mimic Kawasaki disease (KD). 3 Human adenoviruses are classified into 7 subgroups-designated "species" (A-G) based on genomic and biologic criteria. Adenoviruses of species B and E are associated primarily with pharyngoconjunctival fever, 4 which can include exudative or nonexudative pharyngitis, conjunctivitis, and prolonged fever. 5 Adenoviruses of species C cause pediatric illness, but are also commonly detected in the nasopharynx incidentally as a result of persistence in tonsil/adenoid tissue, which can confound interpretation of a positive result in the setting of an acute illness. 6 This has become more problematic as highly sensitive polymerase chain reaction (PCR)-based testing now replaces adenovirus culture for diagnosis. Incidental detection by PCR of adenovirus has been described in patients with KD, some of whom developed coronary artery abnormalities (CAAs). 7 Clinicians face the difficult task of accurately distinguishing children with KD who have incidental adenovirus detection in the respiratory tract from those with an acute adenovirus disease that is causing some KDlike symptoms.
We previously reported that 8.8% of patients with complete criteria for diagnosis of KD had adenovirus detected in the respiratory tract by PCR. 8 We also found that patients with complete KD had lower viral burden with a higher percentage of species C identified than those with adenovirus disease. In the present study, we sought to compare clinical and laboratory findings and adenovirus characteristics in a cohort of children with adenoviral disease (in whom KD was considered in the differential diagnosis) from patients with KD and incidental adenovirus detection. We hypothesized that higher viral burden, recovery of infectious virus in cell culture, and adenovirus other than species C would predominate in children with adenovirus disease.
Methods
With Institutional Review Board approval, immunocompetent patients under 21 years of age with adenovirus positive PCR respiratory specimens (nasopharyngeal [NP] or throat swabs) were retrospectively identified from August 2011 to December 2012 from the microbiology records at Nationwide Children's Hospital, a tertiary care, free-standing children's hospital. Patients were tested at the discretion of the attending physician at the urgent care center/emergency department or inpatient units using a standard battery of respiratory real-time PCR assays, which detected adenovirus as well as influenza A/B, respiratory syncytial virus, human metapneumovirus, parainfluenza viruses 1, 2, and 3, and human rhinovirus/enterovirus. Chart review of the entire cohort was performed, and we identified subjects with KDlike symptoms. Data on coinfection with respiratory viruses or bacteria also were abstracted.
We identified children who were evaluated for KD and grouped them into the categories defined below. Children must have had documentation in the medical records of KD listed in the differential diagnosis on initial evaluation to be included in the final study population.
Adenovirus Disease
Although consideration of KD was documented in these patients, they were clinically determined to have adenovirus disease and did not receive immunoglobulin intravenous (IGIV). We recorded echocardiogram data results if the test was performed as part of their evaluation.
KD with Presumed Incidental Adenovirus Detection
We classified patients into this category if they were treated with IGIV for KD during the same period. Children diagnosed with KD were classified as complete or incomplete KD using American Heart Association (AHA) criteria. We recorded whether periungual peeling (fingers or toes) occurred by the 2-week follow-up visit. All patients with KD had at minimum an echocardiogram at baseline and 2 weeks and 5-8 weeks after diagnosis. CAAs were defined as those with a Z score $2.5, based on the maximum internal diameters of the proximal right coronary artery or left anterior descending coronary artery.
Adenovirus PCR Assay, Culture, and Species Identification The adenovirus real-time PCR used at Nationwide Children's Hospital is a semiquantitative real-time PCR for species A-F based on the Heim et al 9 protocol. Using laboratory-cultured virus, the assay was validated to detect 20 of 20 serotypes representing the 6 major adenovirus species (A-F), had a sensitivity of 100%, and specificity of 90% compared with viral culture from respiratory specimens. There is no crossreactivity with other viruses detected in the respiratory panel. 8 Samples were considered positive if cycle threshold (Ct) values (inversely correlated with viral burden) were #40; Ct values were reported to clinicians only per request. In order to evaluate the quality of the specimens collected, we also examined the cellularity of the original respiratory samples by determining the relative level of a 2-copy human housekeeping gene, Zink finger 80 (ZnF80, 3q13.31) in each sample. 10 Respiratory specimens were inoculated onto A549 cell monolayers for adenovirus isolation as previously described; if adenovirus was isolated in culture, species identification was performed by restriction enzyme analysis of viral genomic DNA. 11 If there was no adenovirus isolated in culture, species identification was determined by PCR assays for species-specific genes. 12 
Statistical Analyses
Statistical analysis was performed using Mann-Whitney or c 2 as appropriate. A 2-tailed P value of #.05 was considered significant. All tests were performed using Graph Pad Prism, v 6 (Graph Pad Software Inc, San Diego, California).
Results
There were 483 unique patients with adenovirus disease (99% from NP swabs). Among these 483 subjects, 80 (16.6%) had $5 days of fever at the time of testing. Among these 80 patients with prolonged fever (median age 33 months, IQR 16-62), we identified the 2 KD-like symptoms that were documented most reliably in all patients even if a concern for KD was not recorded: 8 had a nonlocalized rash (10%) and 15 (19%) had conjunctival injection; an additional 11 (14%) had both rash and conjunctival injection.
We included in the final analysis 31 children with KD documented in the medical records as a differential diagnosis who had adenovirus detected (30 by NP swab and 1 by throat swab; Table I ). Among these 31 patients, 25 were clinically determined to have adenovirus disease; 6 were treated for KD. This represents 8.8% of all subjects who were treated for KD during the study period (n = 68), and 10.2% of the total subjects with KD in whom adenovirus testing also was performed (n = 59).
The median Ct values of the housekeeping gene for the subjects with adenovirus disease (n = 25, median Ct 25.5, IQR 24.6-27.3) and the subjects with KD (n = 6, median Ct 24.1, IQR 22.5-24.6) were <30 and differed by less than 1.5 Ct between groups, indicating similar good specimen quality. Viral coinfection status for patients with adenovirus is shown in Table I . No patient had a documented concomitant bacterial infection identified from any sterile site.
Subjects with Adenovirus Disease
Clinical and laboratory findings for these 25 subjects with adenovirus disease are presented in Table I . The median age of the cohort was 53.4 months (IQR 28.8-70.9). None of the patients had $3 laboratory criteria for incomplete KD as defined in AHA guidelines. 13 The majority of children (56%) had $2 KD-like clinical features, and only 1 patient (case 16) had 4 KD-like clinical features along with prominent cough, rhinorrhea, and eye tearing. Lastly, high inflammatory markers were documented in 2 patients: case 18 had dry red lips and exudative tonsillitis, and case 19 had prolonged fever, poor oral intake, and sore throat for 10 days. Concern for KD was documented mainly because of prolonged fever. Adenovirus was isolated in culture from specimens obtained from 22 patients (88.8%), and the majority of adenoviruses identified in this cohort were species B or E (n = 17, 68% 
Subjects with KD and Presumed Incidental Adenovirus Detection
There were 6 patients (cases 26-31, Table I ) treated with IGIV for KD with detection of adenovirus in respiratory tract specimens. Adenovirus could not be isolated in culture from specimens of 4 of these patients. All 4 were identified as adenovirus C by PCR. The other 2 subjects treated for complete KD (cases 26 and 27) yielded adenovirus B in culture. These latter 2 patients shared some clinical features with acute adenovirus disease. Case 26 was a 7-year-old girl who had conjunctivitis that began unilaterally and was (1) ext, changes in extremities; (2) r, polymorphous exanthema; (3) c, bilateral bulbar conjunctival injection; (4) l, changes in lips and oral cavity; and (5) n, unilateral cervical lymphadenopathy >1.5 cm; skin peeling was defined as periungual desquamation documented by the 2-week follow-up visit. †AHA defined supplemental laboratory criteria -2015
CLINICAL AND LABORATORY OBSERVATIONS
Clinical and Virologic Characteristics May Aid Distinction of Acute Adenovirus Disease from Kawasaki Disease with Incidental Adenovirus Detection associated with tearing. PCR test on blood specimen ordered by the treating physician was positive for adenovirus. Case 27 was a 2-year-old girl with conjunctival injection and scant drainage. In addition to an NP swab, an eye swab was positive for adenovirus by PCR. PCR for adenovirus in the blood was not ordered. Neither patient had CAAs or periungual peeling at follow-up. None of the other patients with KD had documented eye discharge, unilateral onset of conjunctival injection, or CAA on follow-up.
Finally, we compared the combined clinical and laboratory features of our cohort with those from a prior, previously published cohort of patients from our institution 8 who tested positive for adenovirus. Total number of patients in each group included complete KD (n = 10), incomplete KD (n = 6), and adenovirus disease group (n = 51) ( Table II) .
Extremity changes and unilateral neck swelling were significantly more common in patients with criteria for complete KD; C-reactive protein (CRP), urine leukocytes, and serum alanine aminotransferase levels were higher than those in children with adenovirus disease.
Discussion
Adenoviruses can be detected by PCR in the NP of up to 11% of healthy children, 14 but the culture detection rate in healthy children is much lower (0.6%). 1 In addition, prolonged intermittent PCR detection of the same adenovirus strain from NP secretions after primary infection has been described. 15 Therefore, detection of adenovirus by PCR in the NP does not necessarily reflect disease. Similarly, 7, 8, 16 some of whom developed CAAs, 7 clearly indicating that detection of adenovirus in the respiratory tract does not exclude the diagnosis of KD. However, adenovirus illness also can mimic KD with prolonged fever, similar clinical features, and elevated inflammatory markers. 17, 18 Although ideal tools to help in accurate diagnosis are not available, we found certain clinical, laboratory, and virologic characteristics are helpful to aid differentiation of these conditions. First, in this cohort, clinical data revealed that the vast majority of children with acute adenovirus disease in whom a concern for KD was documented had < 4 KD-like clinical features and, as noted in previous studies, 3, 19 the least common finding was extremity changes. In addition to prolonged fever, the most common KD-like clinical feature in this cohort was conjunctivitis. Several of the discriminating features of ocular conjunctival involvement in KD vs adenovirus disease are subtle and may have been inconsistently documented. Features most consistent with adenovirus conjunctivitis include unilateral onset, prominence of tearing more frequently than purulence, and follicular hyperplasia. 20 Laboratory features noted in patients with adenovirus disease included a lack of 3 or more supplementary laboratory criteria to support a diagnosis of incomplete KD but relatively high inflammatory markers. Although the AHA algorithm to consider incomplete KD includes a CRP of $3 mg/dL or erythrocyte sedimentation rates $40 mm/h, several studies have documented higher levels of these inflammatory markers in patients with adenovirus disease. 17, 21 We found that CRP was consistently higher in subjects with KD compared with the adenovirus disease subjects, but both had a median CRP of $3 mg/dL, suggesting this threshold for discrimination may lack specificity for KD. Finally, in addition to clinical and laboratory data, we also examined characteristics of the detected adenovirus. For the combined cohorts (Table II) , specimens from children with adenovirus disease were species B or E in 75% with a high adenoviral burden (median Ct 25.3), and 91% yielded a positive adenoviral culture. In contrast, culture negative, adenovirus C detection with low viral burden (median Ct 36.8) was associated with complete KD, and likely represented incidental colonization.
Adenoviruses are common and share a peak incidence of disease in the same age range as KD (<5 years). 1, 13 Incidental detection of adenovirus in patients with KD is possible. It seems prudent not to dismiss the diagnosis of KD in a child with $4 classic clinical features of KD because of adenovirus detection. However, a careful history and physical examination should be undertaken to determine if the criterion for KD-associated conjunctival injection is met (ie, bilateral onset and lacks associated discharge). We identified 2 patients clinically managed for acute KD who may have had acute adenovirus disease, as they had unilateral conjunctival injection and clear discharge from the eye, in addition to adenovirus identification in the blood and/or eye swab, and because they never developed CAAs or periungual peeling.
These patients both had a high burden of adenovirus-B recovered in culture.
Our study has several limitations, and findings should be considered preliminary. Patients were retrospectively identified and required documentation of a concern for KD in the medical records, which likely led to selection bias. Virus testing may have influenced the clinician's diagnosis/management decisions. The specific Ct values calculated with our laboratory-based assays are not directly equivalent to those obtained with other PCR assays, but this concept should be applicable to other semiquantitative PCR assays. 22, 23 We were unable to confirm that of all the patients who were considered to have adenovirus disease were free of CAAs on follow-up.
Refinement of tools to define acute adenoviral disease may indirectly aid clinician's ability to assess the likelihood of KD, and these findings warrant further study. Future prospective studies identifying adenovirus species and viral burden with close clinical observation and serial echocardiograms should be considered in patients treated as well as in patients not treated with IGIV. n 
